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EV71 中和抗体体内治疗效果评价的可行性，为开展 EV71 预防疫苗和新型治疗
性药物研制提供了重要的基础。 
本研究首先建立了用于动物实验研究的肠道病毒二级保存库，其中 EV71 病
毒 43 份，其基因型覆盖了 A、C2、C4、C5、B3、B4 和 B5；CA16 病毒 20 份；
CB3 病毒 7 份。同时使用 37 株 EV71 各亚型毒株对一日龄小鼠毒力情况进行考
察，实验结果发现，大多数 EV71 病毒对小鼠毒力较弱，攻毒小鼠仅表现出颤抖、





























病理分析等方法结合起来检测 EV71 感染。至此，已初步建立了 EV71 小鼠感染
模型，即通过腹腔注射小鼠适应株 pSVA-MP4，感染一日龄 BALB/c 小鼠的 EV71
动物模型。 
本研究通过使用已建立的EV71动物感染模型评价了 3株VP2特异性单抗和
1 份 VP2 多肽免疫血清的对 EV71 感染小鼠的治疗和保护效果。实验结果表明，
在 EV71 感染小鼠 24 小时后，给予 VP2 中和单抗和 VP2 多肽免疫血清可以有效
























Human enterovirus 71 (EV71) is the major causative agent associated with 
HFMD, aseptic meningitis, brainstem encephalitis, and severe pulmonary oedema. 
According to the data published by Ministry of Health, in recent years, the cases of 
HFMD incidence and death were significantly increased in China. Obviously, as a 
major cause of severe cases and deaths of children, EV71 has become the greatest 
threat to young children in China. However, there is no effective vaccine or antiviral 
treatment available thus far, One of the reasons is lack of a stable and reliable animal 
model that will help to understand EV71 pathogenesis from a virological perspective, 
and promote the development of effective prophylactic and therapeutic approaches.  
Therefore, it is urgent to strengthen the research of EV71 animal model, and find a 
practical way to evaluate approaches of antibody therapy. This research will provide 
effective technology tools for the development of EV71 vaccine and antivirual drug in 
China. 
Firstly, in this research, we built a panel of enterovirus for animal challenge, 
consisting of 43 strains of EV71 ( including A, B3, B4, B5, C2, C4, and C5 
subgenetype ), 20 strains of CA16, and 7 strains of CB3. Comparing the virulence of 
the 37 strains of EV71 though mice challenge, we found EV71 has little virulence to 
newborn mice.Only some strains can cause CNS infection in newborn mice after 
challenge with virus, and virus replication has been testified in CNS of mice by IHC 
detection. 
Secondly, considering the potential influence factors such as virus dose, 
challenge method, mice strain, mice age, we tested these factors though mice 
challenging, the results showed that it cannot help increase the virulence of EV71. 
After that, we took two ways to develop virulent EV71 virus. The first one, we 
depended on virus adaption in mice tissue and virus isolation, and got 2 strains of 

















could cause a high rate of death and CNS infection in mice. The other one, based on 
an infectious clone of EV71, we got a mutant rescued virus strain by technology of 
gene recombination, which could cause CNS infection in 1d-year-old mice. Therefore, 
we got 3 strains of virulent EV71, and preliminarily established an EV71 mouse  
infection model. 
After those, we established a standard operation procedure for collection and 
identification of human and mice specimen infected with EV71, including virus 
isolation, detection of virus nucleic acid and antigen, and pathological analysis. Thus, 
we developed an EV71 mouse model that 1d-year-old mice challenged with high 
neurovirulence MAV by intraperitoneal injection. 
Finally, application of the EV71 mouse model in antibody therapy had  been 
evaluated in this research. We took VP2 special antibodies and VP2 polypeptide 
immuned sero as the therapeutic antibodies to treat mice infected with EV71 24h ago. 
The results showed that the neutralizing antibodies and sero could significantly 
protected mice from virus infection. 
In a word, we successfully established an EV71 animal infection model, and 
preliminarily evaluated approaches of therapeutic antibody and sero.This EV71 
animal model will help the development of EV71 vaccine and therapeutic drugs. 
 


















缩写 英文全称 中文名称 
HMFD Hand, foot and mouth disease 手足口病 
EV Enterovirus 肠道病毒 
EV71 Enterovirus 71 肠道病毒 71 型 
CA16 Coxsackievirus A16 柯萨奇病毒 A 组 16 型 
CB3 Coxsackievirus B3 柯萨奇病毒 B 组 3 型 
WHO World health organization 世界卫生组织 
FDA Food and drug administration  美国食品药品监督管理局 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
RNA Ribonucleic acid 核糖核酸 
mRNA Messager RNA 信使 RNA 
UTR Untranslated region 非翻译区 
ORF Open reading frame 开放阅读框 
IRES Internal ribosome entry site 内部核糖体进入位点 
RT-PCR Reverse transcription polymerase chain reaction 反转录聚合酶链式反应 
IFN Interferon 干扰素 
HRP Horseradish peroxidase 辣根过氧化物酶 
GAM Goat anti mouse 山羊抗鼠 
ELISA Enzyme-linked immunosorbant assay 酶联免疫吸附试验 
Elispot Enzyme-linked immunospot assay 酶联免疫斑点实验 
IFA Immuno fluorescence Assay 免疫荧光实验 
IHC Immunohistochemistry 免疫组织化学 
H.E. Hematoxylin-Eosin staining 苏木素-伊红染色 
TCID50 Median tissue culture infective dose  半数组织培养感染剂量 
CPE Cytopathic effect  致细胞病变效应 

















PH Hydrogen ion concentration 氢离子浓度指数 
MW Molecular Weight 分子量 
bp base pair 碱基对 
kD kilo Daltons 千道尔顿 
GFP Green fluorescence protein 绿色荧光蛋白 
IgG Immunoglobulin G 免疫球蛋白 G 
IgM Immunoglobulin M 免疫球蛋白 M 
MHC major histocompatibility complex 组织相容性复合体 
CTL Cytolytic T lymphocyte 细胞毒性 T 淋巴细胞 
FBS Fetal bovine serum 胎牛血清 
DMSO dimethyl sulfoxide 二甲亚砜 
CNS  Central nervous system， 中枢神经系统 
I.M. Intramuscular injection 肌肉注射 
i.p Peritoneal injection 腹腔注射 
i.v Intravenous injection 静脉注射 
i.g Gastric injection 灌胃注射 
VLP Virus-like particle 病毒样颗粒 
IPV Inactive poliovirus vaccine 灭活脊髓灰质炎病毒疫苗 


















前  言 
肠道病毒 71 型（Human Enterovirus 71，EV71）是一种具有较强致病性的肠
道病毒，主要引起婴幼儿患者手足口病（Hand ,Food and Mouth Disease，HFMD），





地区相继报道了 EV71 的大面积爆发。然而 20 世纪 90 年代起，EV71 开始向亚
太地区肆虐，马来西亚、新加坡、澳大利亚以及中国台湾连续发生 EV71 的大流
行，我国大陆地区在进几年内也深受其害。 
我国自 2008 年 3 月在安徽阜阳手足口病大规模爆发起，疫情逐渐向全国各
地区蔓延。据卫生部统计，2008 年全国共有手足口病发病 488955 例，其中重症
1164 例，死亡 126 例，同年 5 月 2 日卫生部将手足口病列入传染病防治法规定
的丙类传染病，并紧急成立了防控组；2009 年全年手足口病发病 1155525 例，
死亡 353 例；2010 年发病 1774669 例，死亡 905 例；2011 年发病 1619706 例，





























1. EV71 的基本概况 
1.1  分类和基因组结构 




炎[2]；（2）柯萨奇病毒（共有 30 个血清型），其又为 A 和 B 两组， A 组有 23




28 个型别，埃可病毒引起的临床症状与柯萨奇病毒 B 型类似，引起呼吸道感染、
发烧、非化脓性脑膜炎、皮疹和心肌炎[3,4]；（4）新肠道病毒（由于旧分类系统
的局限性，从 1970 年开始以数字来命名新发现的血清型，如肠道病毒 68-71 型，
73-102 型）[5]5]，其中肠道病毒 71 型（EV71）是手足口病主要病原体，对中枢
神经系统有高度的亲嗜性，能够引起婴幼儿中枢神经系统感染，其临床症状主要
有脑炎、脑膜炎、肺水肿及脊髓灰质炎样瘫痪等，严重感染甚至可以导致死亡，




人副肠孤病毒 1 和 2）、心病毒属（如脑炎心肌炎病毒）和口蹄疫病毒属（如足
口病病毒）[8,9]。 
人肠道病毒又根据其遗传特征可以分为 A、B、C 和 D 四个不同的基因型（表



















表 1.1.1  人肠道病毒基因分型[10] 
Table 1.1.1  Molecular classification of human enteroviruses into four species 
 Serotype 
Enterovirus species A CV-A2–8, CV-A10, CV-A12, CV-A14, CV-A16, EV71, EV76, EV89–92 
Enterovirus species B 
CV-A9, CV-B1–6, E1–7, E9, E11–21, E24–27, E29–33, EV69, EV73, 
EV74–75, EV77–88, EV93, EV97, EV98, EV100, EV101, EV106, EV107 
Enterovirus species C 
CV-A1, CV-A11, CV-A13, CV-A17, CV-A19–A22, CV-A24, EV95, 
EV96, EV99, EV102, EV104, EV105, EV109, PV1–3 
Enterovirus species D EV68, EV70, EV94 
CV-A=coxsackievirus A，CV-B=coxsackievirus B，EV=enterovirus，E=echovirus，PV=poliovirus 
 
1.1.2  EV71 基因组结构 
EV71 病毒为单股正链 RNA 病毒，其颗粒（图 1.1.2）[10]大致呈球形的正二
十面体结构，无包膜和突起，直径近 30nm，由 60 个相同的亚单位组成，每个亚




图 1.1.2  EV71 病毒颗粒结构[10] 
Fig.1.1.2  Structure of EV71 virions 
 
EV71 基因组全长近 7.5kb，其 RNA 具有转录活性，核酸中的腺嘌呤核苷酸
和尿嘧啶核苷酸含量丰富占约 52.8%[12] ，整个基因组仅有一个开放阅读框（Open 
Reading Frame,ORF）编码约 2193 个氨基酸。从 5′末端至 3′末端依次排列着 5’
非编码区（5’UTR）、结构蛋白编码区 P1、非结构蛋白编码区 P2 和 P3、3′末端
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